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PATTERNS IN POLYHEDRONS 
 

 
 
Stage 1 
 
You can think of a polyhedron as a three-dimensional version of a polygon. It is made of 
polygons joined edge to edge, and it is a closed shape. Prisms and pyramids are special 
kinds of polyhedrons. 
 
1. Count the number of faces, vertices, and edges for each polyhedron. Make a table of 

your answers. (Find pictures or draw sketches of the prisms and pyramids if it helps.) 
 

• triangular prism 
• rectangular prism 
• pentagonal prism 

 
• triangular pyramid 
• rectangular pyramid 
• pentagonal pyramid 

 
• octahedron (shown below) 

 

 
 
 

2. Looking at prisms and pyramids separately, describe as many patterns as you can find 
in your table. Write some of them as algebraic expressions or equations if you can. 

 
 
3. Use all three variables F (faces), V (vertices), and E (edges) to create an algebraic 

formula that is true for every polyhedron in your table. 
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Stage 2 
 
4. Create a net for the triangular pyramid. Follow these steps. 

• Begin with a dot for the first vertex. 
• Add an edge one step at a time. 
• Every edge must show a vertex on each end. 
• Make a table to keep track of the faces, vertices and edges in every step. 

 
This is an example of how you could start the process for a cube's net. 
 

•      
 

STEP F V E 
1 0 1 0 
2 0 2 1 
3 0 3 2 
4 0 4 3 
5 1 4 4 
6 1 5 5 

 
 
You would continue the process until you had created the entire net. The table 
will be very large! It will not take as many steps for you to do this with the 
triangular pyramid!  
 

5. Create an algebraic formula for your table. It should be slightly different than your 
formula from Stage 1! 

 
6. What happens to the faces and vertices every time you add an edge? Explain. 
 
7. Explain why your formula must be true for every net when you follow the steps 

above. (Use your answer to #6.) 
 
8. Why do you think the formula for a polyhedron is different than the formula for a 

net? 
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Stage 3 
 
9. Visualize turning this picture into a rectangular prism with a missing face. (You have 

to imagine stretching or squeezing the faces and edges!) Explain your thinking. 
 

 
 
 

10. Count the faces, vertices, and edges in this drawing. It is not really a net, but F, V, 
and E should still satisfy your formula for nets! Do they? 

 
11. Explain why your F, V, and E formula in problem #3 must always be true for 

polyhedrons. Use what you know from problems #9 and #10.  
 
12. Find, draw, or make more polyhedrons. Test your formula on them! Here is a 

challenging one to look at! 
 

 
dodecahedron 
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PATTERNS IN POLYHEDRONS 
Solutions 

 
 
Stage 1 
 
1. Table for the polyhedrons: 
 

 F V E 
triangular prism 5 6 9 
rectangular prism 6 8 12 
pentagonal prism 7 10 15 
triangular pyramid 4 4 6 
rectangular pyramid 5 5 8 
pentagonal pyramid 6 6 10 
octahedron 8 6 12 

 
2. Most students will not find all of the patterns listed here! Some may observe other 

patterns. In the explanations, n represents the number of sides of the base(s) of the 
prism or pyramid. 

 
Prisms:  
• The number of faces is always 2 greater than n. (F = n + 2) 
• The number of vertices is always 2 times n. (V = n • 2) 
• The number of edges is always 3 times n. (E = 3 • n) 
• The number of vertices is 4 less than 2 times the number of faces.  

(V = 2 • F – 4) 
• The number of edges is 6 less than 3 times the number of faces. (E = 3 • F – 6) 
• The number of edges is 1.5 times then number of vertices. (E = 1.5 • V) 
• When n increases by 1, the number of faces increases by 1. 
• When n increases  by 1, the number of vertices increases by 2. 
• When n increases by 2, the number of edges increases by 3. 
 
Pyramids: 
• The number of faces is always 1 greater than n. (F = n + 1) 
• The number of vertices is always 1 greater than n. (V = n + 1) 
• The number of edges is always 2 times n. (E = n • 2) 
• The number of edges 2 less than 2 times the number of faces. (E = 2 • F – 2) 
• The number of vertices is equal to the number of faces. (V = F) 
• When n increases by 1, the number of faces (or vertices) increases by 1. 
• When n increase by 1, the number of edges increases by 2. 

 
3. F + V = E + 2.  This formula applies to all polyhedrons! There are many other ways 

to write it. For example:  F + V – E = 2;  F – E =  2 – V;  F – 2 = E – V 
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This formula (all versions of it) is known as Euler's formula. Euler is pronounced oy-
ler. Leonhard Euler was a famous eighteenth-century German mathematician. 

 
 
Stage 2 
 
4.  If students make the net one triangle at a time, their table will look like this. 
 
  

F V E 
0 1 0 
0 2 1 
0 3 2 
1 3 3 
1 4 4 
2 4 5 
2 5 6 
3 5 7 
3 6 8 
4 6 9 

 
5. F + V = E + 1.  The formula is like the one for polyhedrons except that the number of 

edges is now 1 (instead of 2) less than the sum of the faces and vertices. 
 
6. Every time you add an edge, either the number of vertices increases by 1, or the 

number of faces increases by 1, but never both. (When you make a new face, both 
vertices are already there, so you do not need to add a new one.) 

 
7. The formula will be true for every net, because you can build it the same way we did 

above—one edge at the time.  
 

The formula, F + V = E + 1 is true when you draw the first vertex, because both sides 
are 0 + 1 = 1. When you increase the number of edges by 1, the right side of the 
formula increases by 1. Since either F or V increases by 1 at the same time, both sides 
of the equation stay in balance, and the formula remains true! 
 
Note: The formula is true for any two-dimensional drawing made according to the 
rules we have used. (You do have to be sure that the drawing is connected and that 
edges never intersect except at their endpoints.) 
 

8. There is no reason the polyhedron formula should be the same, because edges and 
vertices meet when you fold the net. Therefore, the polyhedron will have the same 
number of faces, but fewer vertices and edges than the net. 
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Stage 3 
 
 
9. Imagine that the middle square is the bottom of the cube. Push it down and 

stretch/squeeze the other four faces up so that they form four "sides" of the box. To 
many students, the picture may already look like a drawing of the box from the 
perspective of looking down into it! 

 
10. The picture has 5 faces, 8 vertices, and 12 edges. This satisfies the formula  

F + V = E + 1, because 5 + 8 = 12 + 1. 
 

11. You can see that the formula for a the cube must work for this picture, because the 
flat drawing has the same number of faces, vertices, and edges as a cube, except that 
it is missing 1 face. If you imagine making the drawing into the cube like we did in 
problem #9, you would complete it just by attaching the final face. The number of 
vertices or edges does not change when you do this. So, in the formula, the number of 
faces increases by 1, but the numbers vertices and edges do not change. Therefore, 
the number of faces is now 2 greater than the sum of the faces and vertices. 

 
This will happen for other polyhedrons, too. You can make a flat drawing that leaves 
out one face. Then you can imagine stretching to make the polyhedron. The formula 
for the flat drawing will always be F + V = E + 1(for the same reason as in problem 
#7), and adding the final face will never change the number of edges or vertices! 
 

12. The numbers of faces, vertices, and edges for the dodecahedron are  
F = 12  V = 20  E = 30 

 
Encourage students to find other pictures or to build models of polyhedron and test 
Euler's formula. Nets for many polyhedrons may be found online. 

 


